properly cited.
Introduction
Oxaliplatin is a platinum-based cytotoxic drug widely used in oncology since the early 2000s [1] . Its effectiveness is recognized in first-line chemotherapy regimen in metastatic colorectal cancer and in adjuvant therapy of several gastrointestinal cancers [2] [3] [4] [5] . However, its use is limited by a development of a disabling sensitive peripheral neuropathy. Oxaliplatin-induced peripheral neuropathy (OIPN) is characterized by a transient cold-induced distal paresthesia and allodynia, sometimes leading to long-term sensory loss and functional impairment [6] [7] [8] . OIPN has a negative association with quality of life and this consideration is a major issue in the case of palliative care cancer [9] [10] [11] . Correct assessment of oxaliplatin-induced peripheral neuropathy (OIPN) is essential to manage oxaliplatin treatment and therefore limit neuropathy worsening [12] .
In clinical practice, OIPN assessment is routinely based on patient-reported outcome and on the National Cancer Institute-Common Terminology Criteria for Adverse Events (NCI-CTCAE) grading scale [13] . Whereas these tests are prevailing for OIPN management, the course of this neuropathy remains unpredictable. While symptoms may resolve after chemotherapy is reduced or discontinued, they can also worsen after discontinuation of the treatment [14] . Therefore, new insights into assessment of OIPN are 2 Neurology Research International Table 1 : Eligibility criteria of Canaloxa study. needed to detect earlier and more effectively this side effect [15, 16] .
Inclusion criteria
In clinical research, OIPN assessment is based on small fiber neuropathy (SFN) assessment which requires at least two of the following three examinations: (1) clinical signs of SFN (pinprick and thermal sensory loss and/or allodynia and/or hyperalgesia), (2) abnormal Quantitative Sensory Testing (QST) such as abnormal warm and/or cold thresholds, and (3) reduced epithelial nerve fiber density (ENFD) assessed by skin biopsy [17] .
Recently, Saad et al. report potential interest of Sudoscan5 technology (Impeto Medical, Paris, France) in OIPN assessment [18] . The Sudoscan device is a quantitative assessment of small fiber neuropathy and the technology is based on Electrochemical Skin Conductance (ESC) measurement in palm and sole [16, 18, 19] . In small fiber neuropathy, sweat glands are underinnervated and sweat function is altered. As a consequence, ESC reflects the density of intraepidermal nerve fibers (IENF): low ESC is related to reduction in IENF density [20] .
To further explore the potential interest of using Sudoscan technology in OIPN assessment, we designed a pilot study, Canaloxa, a prospective and monocentric clinical trial. The objective was to study how ESC values were related to other parameters usually employed in OIPN assessment among which thermal thresholds and neuropathic pain scores.
Materials and Methods

Design of the Study and Regulatory Aspects.
Canaloxa study is a prospective, open-label, single group assignment and monocentric clinical trial which was standing at the Department of Oncology at Paris Saint Joseph Hospital (F-75014). This study was prospectively registered at clinicaltrials.gov (NCT02827916) before patient recruitment has begun and all data concerning study design are available online. Canaloxa study was designed as a current care study. Patients included suffered from gastrointestinal cancer at any stages, were treated with oxaliplatin-based regimen for at least 5 cycles (i.e., 10 weeks), and had a clinical neuropathy according to the NCI-CTCAE v4.0 (Common Terminology Criteria for Adverse Events). This standardized scale was used to grade the severity of neurotoxic adverse events with a score from 0 to 5 (e.g., grade-1: paresthesia or loss of deep tendon reflexes; grade-2: moderate symptoms, limiting activity of daily living (ADL); grade-3: severe symptoms, limiting selfcare of ADL) [13] . All inclusion criteria are listed in Table 1 . 
Clinical Assessment of Neuropathy. Patients included
were assessed for OIPN for only one visit. In addition to the neurological examination based on NCI-CTAE as realized in current practice, OIPN assessment consisted in (1) Electrochemical Skin Conductance assessment using the Sudoscan device (IMPETO Medical, Paris, France) (2) neuropathic pain assessment using the Neuropathic Pain Symptom Inventory (NPSI) scale and (3) thermal sensory assessment using the MSA thermal stimulator (SOMEDIC AB, Hörby, Sweden).
Before assessment, patients remained in an air-conditioned room (temperature controlled: 22 ∘ C ± 2 ∘ C) for at least 15 minutes in order to be in stable conditions of blood flow and skin temperature. All the tests were performed by a single trained technician. Patients were asked to firmly apply bare hands without jewelry and bare feet to the electrodes during the measurement period. The data were displayed on a monitor in the form of a diagram and four ESC values (right and left hands; right and left feet). High conductance (ESC > 60 Siemens) is related to a normal sweat function (i.e., no neuropathy) whereas low conductance (ESC < 40 Siemens) reveals a dysfunction of the sweat function (advanced peripheral neuropathy). ESC between 40 and 60 Siemens represent first signs of peripheral neuropathy. Mean ESC between left and right was calculated to produce a single ESC value for the two hands and a single ESC value for the two feet for each patient. The operator was previously trained with a series of 20 healthy volunteers.
Neuropathic Pain Assessment.
Neuropathic pain symptoms were recorded, and their severity were scored using the NPSI, a 11-point (0-10) numerical scale of ten neuropathic symptoms (burning, squeezing, pressure, electric shocks, stabbing, pain evoked by a brush, by pressure or by cold, tingling, and pins and needles). The total NPSI score, i.e., the sum of individual subscores out of 100, was calculated [22] . This questionnaire has already been used in previous studies dealing with OIPN [6] .
Thermal Sensory Assessment.
Thermal sensory assessment consisted of measuring four parameters using the MSA thermal stimulator (SOMEDIC AB, Hörby, Sweden): cold detection threshold (CDT), warm detection threshold (WDT), cold pain threshold (CPT), and heat pain threshold (HPT). Thermal stimuli were applied using a Peltier probe (25 mm wide and 50 mm high) applied to the skin of the thenar eminence and to the skin of the sole. The probe was set at a baseline temperature of 32 ∘ C and stimulus was delivered at 1 ∘ C/s in both directions to a defined and stable value. Thresholds measurement was based on the method of limits [23] . For warm and cold detection thresholds, patients were instructed to indicate by clicking on a mouse as soon as they felt a change in temperature. Mean thresholds were calculated using three consecutive measurements, spaced by a random period of 4-10 seconds. Detection thresholds (CDT, WDT) were presented as a temperature variation, relatively to 32 ∘ C (basal temperature) whereas pain thresholds (CPT, HPT) were presented in absolute values. To obtain reproducible and comparable results, instructions given to the patients were standardized and the operator was previously trained with a series of 20 healthy volunteers. In contrast to ESC, normal values of thermal sensitivity thresholds do not reach consensus [24] . Reference thresholds may vary according to the device settings, patient characteristics and environment [23, 25] .
Statistical Analysis.
Results were presented as mean ± standard deviation (SD) or standard error of the mean (SEM). As these data are known to have nonnormal distribution, comparisons tests were based on Wilcoxon tests and correlation tests were based on Spearman test [20] . Receiver operating characteristics (ROC) curves were calculated to compare the utility of ESC in painful OIPN diagnosis. Area under the curve higher than 0.7 was considered to have a good sensitivity and specificity [26] . Statistical analyses were performed with R software, v.64 bits 3.4.1, and p < 0.05 was considered to be significant.
Results
From April 2016 to March 2017, 36 patients were included (18 women and 18 men). The mean age of patients was 64 ± 11 years (range: 26-84). Patient's cancer was predominantly colorectal (n = 19, 52.8%) and at metastatic stage (stage IV) (n = 20, 55.5%). Neuropathy was predominantly at grade I (n = 33, 91.6%) according NCI-CTCAE v4 scale (Table 2) . Regarding the relationship between ESC and the presence of a painful neuropathy, ESC values were lower in neuropathic patients with painful symptoms than in patients without painful symptoms: 55.4 ± 19.7 S vs 77.6 ± 7.9 S (p = 0.0003) and 55.0 ± 15.0 S vs 78.1 ± 6.6 S (p < 0.0001) for hands and feet, respectively, (Figure 2 ). Furthermore, ESC were correlated with NPSI score for hands (rho = -0.69, p < 0.0001) and feet (rho = -0.79, p < 0.0001) (Figures 3(a) and  3(b) ).
Electrochemical Conductivity of the Skin (ESC)
Performance of the Sudoscan device to detect a painful OIPN was estimated with receiver operating characteristics (ROC) curves. Positive NPSI score was used as a reference for the ROC curves of hands and feet ESC (Figure 4) . Areas under the ROC curve were employed to assess the performance of the device in term of sensibility and specificity. Areas under the curve were 0.86 and 0.95, for hands and feet, Neurology Research International 
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∘ C) 45.6 ± 4.1 48.6 ± 4.6 respectively, higher than 0.7, thus showing a good sensitivity and specificity [26] . Tables 3(b) and 4. No correlation was found between both detection and pain thresholds (CDT, WDT, CPT, and HPT) and ESC for hands and feet.
ESC (S)
ESC
Thermal Thresholds. Results are presented in
Discussion
The aim of this work was to explore oxaliplatin-induced peripheral neuropathy with the Sudoscan device, a recent technology based on Electrochemical Skin Conductance measurement and already used in diabetic-induced peripheral neuropathy diagnosis. The onset of OIPN remaining unpredictable, new insights into OIPN assessment are needed to detect and prevent more effectively this side effect. In this context, Sudoscan is being assessed to test its opportunity in OIPN diagnosis [18] .
In Canaloxa study, pathological Electrochemical Skin Conductance (ESC) was detected for approximately onethird of neuropathic patients with a mean ESC value of 65.3 ± 19.0 S for hands and 65.3 ± 16.6 S for feet. These figures are consistent with the few first ones published for oxaliplatin-treated patients. In Saad et al. study, ESC measured in oxaliplatin-treated patients were 63 ± 2 S in hands and 66 ± 3 S in feet. ESC values are known to have a nonnormal distribution, as confirmed by a ShapiroWilk test, which made us choose nonparametric tests such as Spearman correlation test and Wilcoxon test. Novak asserts that ESC values can be normalized with weight [20] . The main result of this study is the correlation between the ESC values (hands and feet) and the NPSI score. The ESC was diminished in neuropathic patients with painful symptoms compared to ones without painful symptoms. This relationship was associated with a high performance of the Sudoscan device to diagnose painful OIPN. ROC curve analysis showed significant results for both hands and feet ESC. It is interesting to notice that ESC is fully objective whereas NPSI score is fully subjective. In the same way, there was a relationship between ESC and another subjective score, the Total Neuropathy Score (TNSc), in oxaliplatin-treated patients [18] . In Novak et al. study, ESC failed to correlate with NPSI score [20] . However, in this study, ESC was adjusted for weight and the population was different, with no chemotherapy-induced peripheral neuropathy. Interestingly, when adjusted for weight, our normalized ESC values have a normal distribution (p = 0.942 for hands and p = 0.14 for feet, Shapiro-Wilk test). However, these normalized ESC no longer correlate with NPSI score (rho values = -0.36 and -0.42 for hands and feet, respectively). According to Novak, ESC could be affected by subjects' weight because of the variation of pressure on the stainless steel electrodes, but concomitant studies showed no obvious correlation between ESC and weight [20, 27] . Facing this inconsistency, it cannot be excluded that there is a little influence of weight on ESC. Such a minimal influence may perhaps reduce an existing difference between patients with low ESC/high NPSI and patients with high ESC/low NPSI resulting in a reduction of the statistical tests' power after normalization. A study with more patients could bring a response to that question. According to the manufacturer, interpretation of ESC values is based on raw values, what has been respected here. Platinum derivatives are already known to impair neurite outgrowth [28] . Nerve damage was thereafter confirmed by clinical studies using human skin biopsies [29] and in vitro studies [30] . ESC is diminished in patients who have a reduced number of IENF and this reduction is proportional to the density of fibers [20] . Compared to skin biopsies, the interest of Sudoscan device is its noninvasive nature. As ESC was diminished in our OIPN patients with painful symptoms, this study suggests that oxaliplatin could impair small nerve fibers. Nerve cells damage caused by oxaliplatin would be responsible for the pain of OIPN. However, cancer or vitamins deficiency can cause subclinical neuropathy, so we cannot assert that oxaliplatin is exclusively responsible for the nerve impairment [29, 31] .
It should be noticed that two-thirds of the neuropathic patients had normal ESC. We can wonder whether (1) ESC was not sensitive enough for OIPN diagnosis or whether (2) ESC can only diagnose painful OIPN. Regarding sensitivity of Sudoscan device to detect OIPN, it should be noticed that, in many neurotoxic processes such as diabetic neuropathy, vegetative disorders are of late onset. By analogy, normal ESC in neuropathic patients could be explained by the delayed onset of vegetative oxaliplatin-neuropathy [32] . This may indicate that oxaliplatin toxic process during the first three months of treatment would not be sufficient to induce impairment of sweat gland function although all patients experiment clinical neuropathy, according to the NCI-CTCAE. There is potentially a poor sensitivity of this method in OIPN detection. A recent meta-analysis dealing with the reliability of the ESC to measure sudomotor or sensory nerve fiber function has questioned this test. According to Rajan et al., large combined data sets of the studies included in the meta-analysis do not support a high sensitivity and specificity. Besides, the pathological thresholds of ESC could depend on pathophysiological parameters and ethnicity [33] . It is obvious that further studies taking into account these concerns could clarify the question. Regarding painful neuropathy detection, low ESC were measured in patients in pain essentially, but, in Saad et al. study, low ESC were measured in neuropathic patients more generally [18] . We can also wonder whether the suitable neurological fibers were explored. Indeed, the Sudoscan device does not explore larger sizes fibers (e.g. A-delta). It might be relevant to perform in a future work a nerve conduction study (NCS) to assess large fibers conduction and to better understand whether ESC may be influenced in part by dysfunction of these large fibers in oxaliplatin-treated patients. Indeed, in diabetic subjects, ESC correlates with NCS [34] .
Thermal thresholds measured were consistent with those published in previous studies dealing with OIPN [7] . Thermal thresholds in oxaliplatin-treated patients seemed to be greater than in nontreated patients that suggest the onset of a small fiber pathology in these patients [25, 32] . This consideration could reveal a hypoesthesia to thermal stimuli that impair with treatment. No correlation was observed between ESC values and thermal detection or pain thresholds. This suggests that the Sudoscan device and the MSA thermal stimulator assess different nerve fibers function. The Sudoscan device assesses amyelinic sympathetic C-fibers which innervate the sweat glands while the MSA thermal stimulator assess myelinated A-delta fibers and unmyelinated C-fibers. More precisely, warmth receptors are thought to be unmyelinated C-fibers, while those responding to cold have both C-fibers and thinly myelinated A-delta fibers [35] . A painful thermal stimulus is mediated by C-fibers. The poor sensitivity of thermal thresholds to diagnose small fiber neuropathy was already reported [36, 37] . Reproducibility is low and pain thresholds are even more dispersed than detection thresholds [38] . As a matter of fact, interpretation of thermal thresholds is a little bit tender. Thermal thresholds depend on many psychological and physiological, innate and acquired factors. Environmental conditions, instructions given by the manipulator, patient motivation, and ethnic origin may also contribute to the variability of the results [23] . So, some physiological elements, like the variation of the thickness of the stratum corneum, may have introduced measurement biases in the thermal thresholds measurement, which could explain the absence of correlation between the different tests.
Canaloxa study was a preliminary study with a limited number of patients and with one-day assessment. This pilot study was conducted to investigate the feasibility of the Sudoscan device to detect OIPN before performing a longitudinal and controlled study with a larger number of patients. ESC values collected in this study provided information about ESC distribution and standard deviation, essential information for the design of the future study.
A control group of cancer-matched patients, not treated with oxaliplatin, and a longitudinal study with ESC values measured before treatment are necessary to attribute the neurological impairment to oxaliplatin. Moreover, regarding non-inclusion criteria, it could be relevant to perform a screening for autonomic symptoms and to dose folates and B12 vitamins at inclusion.
Conclusion
In conclusion, this study suggests that painful OIPN could be detected using the Sudoscan device. Electrochemical Skin Conductance measurement is a promising, easy-toperform, and noninvasive test that could be done in current care practice to help the clinician in OIPN management. Otherwise, this study toughens the comprehension of the pathophysiology of OIPN in the field of small fiber neuropathy. However, Canaloxa was a feasibility study and these results have to be confirmed by a longitudinal and controlled study with in a greater number of patients.
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Additional Points
Electrochemical Skin Conductance correlates with neuropathic pain symptoms inventory score in a 3-months oxaliplatin-treated patients (n = 36) but does not correlate with thermal sensitivity tests.
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